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The Planet Jupiter has four large satellites, comparable in size to the Earth's
moon, called Galilean satellites [1]. These satellites travel in nearly circular orbits around
Jupiter over its equator. The closest ofthese moons to Jupiter is Io. The Jupiter satellite Io
is the fourth largest moon in the solar system. The more distant moons are Europa,
Ganymede and Callisto.
The Io satellite ofJupiter is a volcanically active moon and has a particularly
significant impact on Jupiter's magnetosphere [2]. Strong volcanic eruptions on Io emit
huge amounts of sulfur dioxide, a major part of which is dissociated into atoms
and ionized by the solar ultraviolet radiation, producing ions of sulfur and oxygen: S+,
O+, S2+ and O2+. These ions escape from the satellite's atmosphere and form the Io plasma
torus, a thick and relatively cool ring of plasma encircling Jupiter, located near the
moon's orbit. This plasma moves along with Jupiter's rotating magnetic field, sweeping
charged particles offthe surfaces of its moons, at a rate of 1,000 Kg/sec, as it passes
them. As Io circles around Jupiter and through the plasma torus, an enormous electrical
current flows between them. The current follows the magnetic field lines to Jupiter's
surface where it creates lightning in the upper atmosphere [3].
Several S in emission lines have been detected in the spectra ofIo plasma torus
by the Voyager Ultraviolet Spectrometers and the International Ultraviolet Explorer [4].
In 1978-79, during the Jupiter encounter by Voyager I, the Voyager Ultraviolet
Spectrometer revealed emission lines of sulfur and oxygen ions. In particular, the
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spectrum showed prominent features at the wavelengths (Xs) of 658 A and 834 A
belonging to S IE and O ID, respectively. Near that time, the short wavelength
spectrograph ofthe International Ultraviolet Explorer (IUE) satellite was used to observe
the plasma torus ofthe Io satellite. Several lines were identified; these are the S II at X of
1256 A, S HI at X of 1199 A and the intercombination lines of SIV at X of 1406 A and O
DI at X of 1664 A. These observations were confirmed and new lines due to ions of
oxygen and sulfur were detected by the high-resolution Hopkins Ultraviolet Telescope on
board ASTRO-1 [5] and by the Goddard High Resolution Spectrograph on board the
Hubble Space Telescope [6]. The laboratory analysis ofthe S DI spectrum by Johansson
et al. [7] has provided a renewed interest in the search for S El lines in the spectrum of
Jupiter's satellite Io obtained by the Extreme Ultraviolet Explorer (EUVE) [8]. Sodium
and potassium are also present at much lower abundance than sulfur and oxygen [9-10].
The observed emissions are producedwhen the atmospheric sulfur and oxygen are
collisionally excited by impinging electrons from the plasma torus. The emissions provide
a diagnostic tool ofthe plasma interaction with Io's atmosphere, giving quantitative
information about the electron temperatures and densities in addition to the abundances of
sulfur and oxygen. The models given by Strobel and Wolven [11] and other researchers
showed that sulfur can serve as a proxy for SO2, with enhanced abundance relative to
oxygen during and shortly after volcanic activity, as compared to a sublimation
atmosphere. Determining and monitoring the sulfur abundance can, in principle, provide a
much-needed measure ofthe variability ofIo's atmosphere.
Several Configuration-interaction (CI) calculations of oscillator strengths for
electric-dipole-allowed transitions among the terms belonging to the 3s23p2, 3s3p3,
3s23p3d, 3s23p4s, 3s23p4p, and 3s23p4d configurations of S III are available in the LS-
coupling scheme. Mendoza [12] and Hayes [13] calculated oscillator strengths using the
program SUPERSTRUCTURE [14]. Ho and Henry [15, 16], and Tayal [17, 18] used the
atomic structure code CIV3 [19] to perform CI calculations of oscillator strengths. Nahar
and Pradhan [20] performed R-matrix [21] calculations to obtain the oscillator strengths
for dipole-allowed transitions in S HI. The energy levels and transition probabilities for
fine-structure transitions of Si-like ions were calculated by Huang [22] using the
multiconfiguration Dirac-Fock method. Fawcett [23] used a method in which Slater
parameters are optimized by comparing with experimental energies; he also included CI
in the n=3 complex. The excitation energies and transition probabilities of S III were also
calculated for selected transitions by Brage and Froese Fischer [24, 25] using the
multiconfiguration Hartree-Fock (MCHF) method. Yang and Cunningham [26]
measured branching ratios for transitions in S HI lines and some other singly and doubly
ionized atoms using electron-impact excitation techniques under optically thin conditions.
Cunningham and co-workers [27-28] also used glow-discharge lamps and beam-foil
techniques to obtain ratios oftransition probabilities.
In the present work, we carried out an extensive CI calculation ofthe oscillator
strengths for all possible dipole-allowed transitions among the terms belonging to the
3s23p2, 3s3p3, 3s23p3d, 3s23p4s, 3s23p4p, 3s23p4d and 3s23p5s configurations in the LS-
Coupling approximation using the MCHF method. The oscillator strengths and transition
probabilities for all fine-structure transitions among the levels ofthe terms 3s23p2 3P, JD,
*S; 3s3p3 5S°, 3D°, V, l?°, 3S°, lT>°; 3s23p3d b0, 3F°, 3P°, 3D°, lF°, V; 3s23p4s 3P°, *P°;
3s23p4p 1P, 3D, 3P3 3S, 1D, *S; 3s23p4d 1D°, 3F°, 3D°, 3P°, ^°, XP°; 3s23p5s 5P°, and 1P° of
S HI have also been calculated. The lifetimes for the levels ofthese terms are calculated
from the transition probabilities.
We included a large number of configurations in the CI expansions to ensure the
convergence, and the relativistic effects are incorporated by means ofthe Breit-Pauli
Hamiltonian through the mass, Darwin, spin-orbit, and spin-other-orbit operators. We
considered up to four electron excitations from the basic configurations 3s23p2, 3s3p3,
3s23p3d, 3s23p4s, 3s23p4p, 3s23p4d, and 3s23p5s. The diagonalization ofthe Hamiltonian
matrix yields eigenvalues and eigenvectors ofthe total angular momentum (J) and parity
(7r) ofthe atomic system.
2. ENERGY LEVELS AND OSCILLATOR STRENGTHS FOR DIPOLE-
ALLOWED TRANSITIONS IN S m
2.1 Methods of Calculation
2.1.1 Non-Relativistic Energies of States
An isolated atomic system ofN-electrons is described by the time-independent
Schrodinger's equation [31]
HW(LS) = EV(LS). (1)
H is the Hamiltonian operator for the atomic system given by
1=1 i>j J
where z is the nuclear charge ofthe atom, rt is the distance of electron i from the nucleus
and rtj is the distance between electron i and electron j. In equation (1), E is the
eigenvalue ofthe operator H; it represents all possible values ofthe total energy ofthe





where L and 5 are the total orbital and spin angular momenta, M is the number of
configurations and at specifies the angular momentum coupling scheme ofthe i
configuration, at is the normalization constant, and <fo are the configuration state
functions. These eigenfunctions are assumed to be normalized
...qN)dqx ...dqN\2 = (V\W) = 1, (4)
N
where qt = (rt, at) represents the space and the spin co-ordinates ofthe electron i.
For many-electron systems the exact forms ofthe eigenfunctions are not known,
and instead approximate eigenfunctions must be found. One possibility that provide a lot
of insight into the nature of approximate wave functions is to replace the full Hamiltonian
H with the separable Hamiltonian Ho for which the Schrodinger's equation is solvable.
tf«//0=£(--V?-^ + V(r£)), (5)
where the potential v(rt) approximates the effects ofthe Coulomb repulsion among the
electrons.
The approximate Hamiltonian Ho, as well as the full Hamiltonian H, commutes
with the total angular momentum and spin operators L2, LZ,S2 and Sz. We may choose
the eigenfunctions of Ho to be the eigenfunctions also ofthese operators.
If Wo^oCQi...... <to) = Eorp0(.qi, -., qN)







The one-electron wave function can be written as
; q) = -P(nl; r)Ylm(6; <p)Xm(ff), (9)
where the radial wave function P(nl; r) depends only on nl quantum numbers.
The Hamiltonian Ho is invariant with respect to permutations ofthe electrons co




where Jl is an antisymetric operator. This function can also be presented as a so-called
Slater determinant
(11)
In this representation, it is seen that the total wave function ®{q\> ■■• ■ • 9w) vanishes iftwo
electrons have the same value ofthe four quantum numbers a = nlm.itns. According to
the Pauli exclusion principle there can be only one electron in each spin orbital, and thus
there can be at most 2(21 + 1) electrons in a subshell nl. For allowed sates ofthe atom,
0(ffwJ<h) — 0(aw;<?w)
no two electrons can have the same value ofthe four quantum numbers. Also, the Slater
determinant must have the well defined parity
n = (-lK-l)'2 -. (-I)'" = (-I)2'1*. (12)
which is even or odd depending on whether the sum ofthe orbital angular momentum
quantum numbers is even or odd.
In atomic physics, the variational wave function for many-electron system is
chosen in the form of a configuration state function xjj = <P(aLS) where the radial
functions [POM^ r), P(n2l2; r) ..., PO^^; r)] are undetermined, and the stationary
condition with respect to variations in the latter radial functions leads to the so-called
Hartree-Fock equations which has the form:
d2 2 1(1 + 1) \ 2
- - [Z - Y(nl; r)] - 2 - £nl>nl 1 P(nl; r) = -X(nl; r), (13)
where Y(nl; r) accounts for the screening ofthe nucleus by the presence ofthe other
electrons and X(nl; r) arises from the antisymmetry and is called the exchange term. The
parameter Smm is called the diagonal energy parameter. The boundary conditions are
P(nl; 0) = 0 and P(nl; r) -» 0 as r -» oo. For small r, the radial function can be
expanded in a power series
P(nl; r) = aQrs + a^1 + - , (14)
where s is the spin quantum number (s = 1/2); aQ, ax,... are coefficients of
normalization. For r -» oo, the radial function decreases exponentially and has the form
P(nl;r) oc e~^^r . (15)
In the non-relativistic case, we have
F H^ 1(1 -X- "\W
; r)^ S^J
which is defined as non-relativistic energy.
The Hartree-Fock solution is an approximation to the exact solution of
Schrodinger's equation. Neglected entirely is the notion of correlation in the motion of
the electrons; each electron is assumed to move independently in the field determined by
the other electrons. The error in energy is called correlation energy and is given by
Ecorr _ Eexact
Here Eexact is not the observed energy but the exact solution of Schrodinger's equation.
2.1.2 Relativistic Energies of Levels
When relativistic effects are considered, we incorporated the Breit-Pauli
Hamiltonian in our calculations. It can be written as
HBP = HNR + HRS + HFS, (18)
where HNR is the ordinary non-relativistic many-electron Hamiltonian, HRS is the
relativistic shift operator which commutes with L and S and can be written as
Hrs = Hmc + Hdi + Hd2 + Hoo + Hsso
where HMr is the mass correction term
respectively.
Here Hoo is the orbit-orbit term given by
1 5 .
rij rlj J
Finally, Hssc is the spin-spin contact term given by
2 jv
(20)








#*c = 3-2,C^. Sj)S{rt. rj). (24)
The fine-structure operator HF5 describes the interactions between the spin and
orbital angular momenta ofthe electrons, and does not commute with L and S but only
with the total angular momentum
10
J = L+S (25)
The fine-structure operator consists ofthree terms
HFS=HSO + HSOO+HSS> (26)




Hso0 is the spin-other-orbit term given by
Hsoo = -y£-^fe + 2sy), (28)
and Hss is the spin-spin term given by
! L Asi-rij)(sj.rtj)]
Hss = a2 > -j\st-sj - 3 -2
r0"
(29)
In the multiconfiguration approximation the Breit-Pauli wave functions are
obtained as linear combinations
M
where each ofthe M single-configuration functions 0j is constructed from one-electron
functions, and a;- defines the coupling of angular momenta ofthe electrons.
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Here btj are the mixing coefficients and are obtained by diagonalizing the Breit-Pauli
Hamiltonian with respect to the basis (jij.
The relativistic energy for many-electron system is given by
E = ENR + ERS + EFS, (31)
where ENR is the ordinary non-relativistic energy given by
Em = (aLSJM}\HNR \alSJMj), (32)
Here ERS and EFS are the relativistic energy corrections from the relativistic shift and the
fine-structure contributions given by
Egg = (ctLSJMj\HRS\aLSJMj), (33)
and
EFS = (aLSJMj\HFS\aLSJM}), (34)
In our Breit-Pauli calculation, we neglect the spin-spin interaction term. The
wave functions obtained in the form (26) can be used to determine the length and
velocity forms ofthe oscillator strengths and transition probabilities for transitions among
the fine-structure levels. The oscillator strength may refer to a transition either in
absorption or emission. In the case of absorption oscillator strength, an atom in a lower
state absorbs a photon and is excited to an upper state. It is given by
!'\ (35)
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where g} is the statistical weight of the lower level given by
9j = 2/' + 1 (36)
and
Snk (aj, a'J') is the line strength given by
)\2, (38)
M,M',q
where 0^ is a spherical tensor operator of rank k and parity n.
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The expression for oscillator strength is applicable for emission oscillator
strength where a']' and a] are interchanged, making the emission oscillator strength
negative.The transition probability for absorption from the lower to the upper level is
given by
f] f
The lifetime, ta>ji, of a level a']' is given by
T7TZX- (45)
2.1.3 Generation of Orbitals
The Is, 2s, 3s, and 3p radial functions are obtained on the 3s23p2 3P ground state
of S HI using the Hartree-Fock (HF) method. The 3d, 4s, 4p, 4d, and 5s radial functions
are chosen as spectroscopic type orbitals and are optimized on the excited states 3s23p3d
3P°, 3s23p4s V, 3s23p4p *P, 3s23p4d 3D°, and 3s23p5s 3P°, respectively. There is a strong
interaction between the 3s23p3d 3P° and 3s23p4s 1P° states because oftheir proximity. It
is necessary to use the correlation functions in addition to the spectroscopic functions in
order to represent these states accurately. The 6s, 6p, 6d, and 6f correlation orbitals are
chosen for the even parity states and are optimized on the 3s23p2 3P state. The 7s, 7p, 7d,
and 7f set of correlation functions are chosen to account for the correlation effects in the
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odd parity states and is optimized on the 3s23p3d 3P° state. The 8s and 8p correlation
functions are chosen to improve the energy ofthe state 3s3p3 JD° and the 8d and 8f
functions are chosen to improve the energy ofthe 3s23p3d 1P° state.
In our calculations, we considered up to four electron excitations from the basic
configurations 3s23p2, 3s3p3, 3s23p3d, 3s23p4s, 3s23p4p, 3s23p4d, and 3s23p5s with the
restriction ofup to two electron excitations to correlation orbitals. All configurations with
weight more than 0.004 are retained except for 5S° where only configurations with weight
more than 0.2 are retained, and for 3P° where all configurations are retained. The wave
functions resulting from these calculations are presented in Figure 1, Figure 2, Figure 3,
and Figure 4.
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Figure 3. 2p, 3p and 4p radial wave functions
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Figure 4. 3d and 4d radial wave functions
17
It may be noted that the number ofnodes is given by the relation
v = n - I - 1 (45)
for all spectroscopic radial wave functions. It is also noted that as n increases the radial
wave functions spread out from the nucleus. The spectroscopic and correlation orbitals
are used to calculate energies and oscillator strengths. The results and discussions ofthe
calculations are presented in the following section.
2.2 Results and Discussion
2.2.1 Non-Relativistic Energy States
In Table 1, we present the calculated excitation energies ofthe various low-lying
states relative to the ground state. These energies are compared with the energies reported
by Tayal (1995), Nahar and Pradhan (1993), and with the measured energies given by
Johansson et al (1992). We note that six energy states showed up in the present that were
not given in the other calculations. These states are 3s3p23d 5F, 3s3p23d 3P, 3s3p23d 5D,
3p4 *D, 3s3p23d 3F, and 3s3p23d 5P. In the present calculation, we included all energy
states up to 3s23p4d 1P°. We considered up to four electron promotion in the 3p sub-shell.
The present calculated energies generally agree to better than 1% with the
energies reported by Tayal (1995). The largest discrepancy is for the 3s3p3 5S° state
where the present calculated result is higher than the Tayal value by about 9%. In the
present calculation, only configurations with weight more than 0.2 are retained for 5S°
state in the CI expansion because ofthe faster convergence ofthe expansion. We also
found discrepancy for the 3s23p3d 3P° and 3s23p4s 3P° where the present results are lower
18
than the Tayal results by about 1.4% and 1.5%, respectively. The present results agree
very well with the Tayal results for the 3s23p3d JD° and 3s3p31D° states. Our results also
agree with the R-matrix results ofNahar and Pradhan as well, except for the 3s3p3 5S°
state where our calculated result is higher than the Nahar and Pradhan result by about 7%.
There are also large discrepancies for the 3s23p3d JD° and 3s3p3 XD° states, where Nahar
and Pradhan (1993) seem to have interchanged these states. It may be noted that there is a
very strong mixing between these states. The present calculated energies also agree very
well with the measured energies given by Johansson et al. (1992). The largest
discrepancy is for the 3s23p3d 1P° state where the present result is higher than the
measured value by about 2%. We also noted a strong mixing among the 3s23p3d 3P°,
3s23p4s 3P°, and 3s3p3 3P° states.
The calculated energy ordering ofthe 3s23p4s 3P°, 3s23p3d 3D°, and 3s23p4s 1P°
states does not agree with the measured values ofJohansson et al. (1992). The two latter
cases agree with Tayal (1995) and Nahar and Pradhan (1993). In the Tayal (1995), the
energy states 3s23p4p 3P and 3S, as well as the states 3s23p4d lD° and 3F°, lie very close.
Our calculation agrees with him in the case of 3s23p4d 1D° and 3F° states, but does not
agree in the case of 3s23p4p 3P and 3S states. This is caused by the use of different wave
functions in our calculations.
2.2.2 Oscillator Strengths for Allowed Transitions
We have calculated oscillator strengths for all dipole-allowed transitions between
the terms ofthe ground 3s23p2 and the excited 3s3p3, 3s23p3d, 3s23p4s, 3s23p4d and
3s23p5s configurations. The length and velocity forms ofthese calculations are listed in
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Table 2. The ratios of present velocity and length forms of oscillator strengths have been
plotted in Figure 5 as a function of length form of oscillator strengths. The solid lines
show the deviation of20%. The agreement between the length and velocity values of
oscillator strengths is within 20% for most ofthe transitions arising from the ground
3s23p2 configuration which is an indication ofthe accuracy ofthe wave functions to some
extent.
We have also calculated oscillator strengths for all dipole-allowed transitions
between odd-parity terms arising from the excited 3s3p3, 3s23p3d, 3s23p4s, 3s23p4d and
3s23p5s configurations and the even-parity terms arising from the 3s23p4p configuration.
The length and velocity forms ofthese calculations are presented in Table 3. It may be
noted in Figure 5 that the agreement between the length and velocity values of oscillator




Figure 5. Comparison ofthe length and velocity forms of oscillator strengths for allowed
transitions
There are discrepancies for the transitions between the 3s23p4p !S => 3s23p4d 'P0,
3s23p5s V, 3s23p4p lT> =» 3s23p4d 'D°, V, 3s23p5s 'P0, and 3s23p4p 3S => 3s23p5s 3P°
states. The excited states tend to be unstable and easily or spontaneously revert to lower
energy states, giving off energy.
The present length values ofthe oscillator strengths have been compared with
those calculated by Tayal (1995); the agreement is generally reasonably good, except for
some transitions where the oscillator strengths are very small. These transitions are 3s3p




Figure 6. Comparison of the length form of oscillator strengths with those of Tayal
(1995)
It is noted in Figure 6 that the ratio for the Tayal length values of the oscillator strengths
and the present is within 20% for most transitions except for some weak transitions.
Our calculations are also compared with the calculations ofNahar and Pradhan
(1993) in Figure 7 where the ratios of length values ofNahar and Pradhan (1993) and
present are plotted as a function of present length values. The two calculations differ for
the 3s23p3d 3P° => 3s23p4p 3P, 3S, 3D and 3s23p4s 3P° =» 3s23p4p 3P, 3S transitions. As
mentioned earlier, it seems that if it is assumed that the 3s23p3d 3P° and 3s23p4s 3P° states
in the results ofNahar and Pradhan (1993) are interchanged then the two calculations
agree very well. There is a strong mixing between these two states. Since the present
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results agree reasonably well with those of Tayal (1993), it appears that there is
misidentification of these states in their calculations.
There is also a disagreement between the two calculations for some transitions
where oscillator strengths are very small. These transitions are 3s3p3 3P° => 3s23p4p 3P
and 3s3p3 1P° => 3s23p4p *P.
0.001 0.01 0.1
F t (Present)
Figure 7. Comparison of the length form of oscillator strengths with those ofNahar and
Pradhan (1993)
It may be noted from Figure 7 that the agreement between the Nahar and Pradhan length
values of the oscillator strengths and the present ones is within 20% for most of the
transitions except for the 3s23p2 1De=> 3s23p3d 'D0 and 3s23p2 !De => 3s3p3 1D°
transitions where Nahar and Pradhan seem to have interchanged the 3s3p3 1D° and
3s23p3d 1D° states.
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2.2.3 Relativistic Energy Levels and Lifetimes
The excitation energies ofthe fine-structure levels relative to the ground level are
given in Table 4 where they are compared with the experiment ofJohansson et al. (1992)
and the calculations of Tayal (1997) and Froese Fischer et al. (2006). The lifetimes are
also given in the same table where they are compared with the results ofFroese Fischer
(2006).
In general, there is good agreement between the present and other calculations.
The inclusion of relativistic effects such as the mass correction, Darwin term, spin-spin
contact shifts the energy of a configuration as a whole without being J-dependent, while
the spin-orbit and spin-other-orbit relativistic terms introduce the fine-structure splitting.
The mixing for some ofthe relativistic levels is very strong. For example, there is a
strong mixing among the levels ofthe 3s3p3 3P°, 3s23p3d 3P° and 3s23p4s 3P° states. The
percentage composition ofthe 3s23p3d 3Pf level is 12% 3s3p3 3P°, 50% 3s23p3d 3P° and
30% 3s23p4s 3P°. The levels 3s23p4d 3D£ and 3s23p4d *D£ as well as the levels 3s23p4d
3F2° and 3s23p4d XD% are also strongly mixed. The percentage composition ofthe 3s23p4d
3D£ level is 4% 3s23p4d lD% and the percentage composition ofthe 3s23p4d 3F2° is 34%
3s23p4d JD2. Our calculation does not give the correct energy order among the 3s23p3d
3P°12 and 3s23p4s 3P0°1(2 levels, and between the 3s23p3d lP? and3s23p4p xPi levels.
The calculated lifetimes compare reasonably well with those calculated by Froese Fischer
(2006).
24
2.2.4 Oscillator Strengths and Transition Probabilities for Some Dipole Radiative El
Transitions
The oscillator strengths and transition probabilities in length form for allowed and
intercombination electric dipole transitions between all levels are presented in Table 5
where they are compared with those calculated by Tayal (1997) and Froese Fischer
(2006). There is a good agreement between the length and velocity forms of the oscillator
strengths, which is an indication ofthe accuracy ofthe wave functions. The length values
of the oscillator strengths are recommended because they generally remain stable with
respect to the addition of more configurations.
0.0001
Figure 8. Comparison ofthe length and velocity forms of the oscillator strengths for
some dipole radiative El transitions
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It is noted in Figure 8 that the agreement between the velocity and length values of the
oscillator strengths is within 20% for most of the transitions except for some transitions
where the oscillator strengths are very small.
The present calculations are compared with the results of Tayal (1997). The discrepancies
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Figure 9. Comparison of the length form of oscillator strengths for some dipole radiative
El transitions with those of Tayal (1997)
It may be noted in Figure 9 that there is agreement between the present results and those
of Tayal (1997) for some transitions. The discrepancies are large for some transitions
where the oscillator strengths are very small and a few more transitions appear between
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the ground level and the levels where the mixing is very strong. This is the case for the





Figure 10. Comparison of length form of oscillator strengths for some dipole radiative
El transitions with CFF (2006)
It is noted from Figure 10 that the agreement between the present results for the length
values of the oscillator strengths and the results of Froese Fischer (2006) are within 20%
for most of the transitions except for some transitions arising from the ground level to the
levels where the mixing is very strong. This is the case for the transitions between the
3s23p2 3Pf 2 and 3s23p4s 3P1°2 levels. As mentioned earlier, the present ordering among
the 3s23p3d 3P0°ii2 and 3s23p4s 3P0°1>2 levels does not agree with the ordering of Froese
Fischer (2006) for these levels.
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2.2.5 Oscillator Strengths and Transition Probabilities for Forbidden £2 and Ml
Transitions
The transition probabilities for forbidden E2 and Ml transitions are presented in
Table 6 where they are compared with those calculated by CFF (2006). Our results are in
good agreement with the calculations ofCFF (2006) except for the weak 3s23p2 3P0, i, 2 =>
3s23p2 !D2 transitions. It may be noted that the transition probabilities and the length values of
oscillator strengths are very small as expected for forbidden transitions. These transitions are very
sensitive to the wave functions.
2.2.6 Conclusion
We have presented our calculations of energies and oscillator strengths for dipole-
allowed transitions between the terms arising from the 3s23p2, 3s3p3, 3s23p3d, 3s23p4s,
3s23p4p, 3s23p4d, and 3s23p5s configurations. The present energies agree very well with
those measured by Johansson et al (1992) and calculated by Tayal (1995), which gives us
confidence in the quality of our wave functions. Our results are also in good agreement
with those ofNahar and Pradhan, except for the transitions involving the 3s23p3d 1D°,
3s3p3 1D°, 3s23p3d 3P°, and 3s23p4s 3P° states where they seem to have misidentified the
3s23p3d 1D° and 3s3p3 ^ and the 3s23p3d 3P° and 3s23p4s 3P° states. Additionally
differences for some ofthe weak transitions are observed. Agreement between the
present results and those calculated by Tayal (1997) for some El transitions are also found, hi
the case of disagreement, it may be due to the use of different wave functions and different
methods. The present results are in good agreement with those ofCFF (2006) for El
transitions. Agreement between these two calculations for some forbidden transitions are
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observed except for some weak transitions. In conclusion, more work, theoretical and




Table 1. Comparison of calculated LS energies (in Ryd) relative to the
ground state with other calculations and experiment
CFG State Present Tayala NPD Exp
3s23p2 ^P5 0.0000 0.0000
3s23p2 *De 0.1043 0.1059
3s23p2 'Se 0.2507 0.2506
3s3p3 5S° 0.5417 0.4961
3s3p3 3D° 0.7492 0.7511
3s3p3 3P° 0.8795 0.8922
3s23p3d 'D0 0.9387 0.9455
3s23p3d 3F° 1.1172 1.1233
3s3p3 :P° 1.2518 1.2539
3s3p3 3S° 1.2614 1.2614
3s23p3d 3P° 1.2960 1.3148
3s23p4s 3P° 1.3352 1.3569





























Table 1. Comparison of calculated LS energies (in Ryd) relative to the
ground state with other calculations and experiment.
CFG State Present Tayala NP* Expc
3s23p4s IF 1.3485 1.3557 L361 1.3523
3s3p3 'D° 1.3972 1.4068 0.944 1.3849
3s23p3d 'F0 1.4553 1.4431 1.458 1.4363
3s23p4p !Pe 1.5216 1.5337 1.528 1.5269
3s23p3d 'P0 1.5265 1.5312 1.544 1.4958
3s23p4p 3De 1.5507 1.5612 1.553 1.5517
3s23p4p 3Pe 1.5718 1.5802 1.578 1.5765
3s23p4p 3Se 1.5811 1.5897 1.588 1.5859
3s23p4p 'D6 1.6139 1.6187 1.617 1.6128
3s3p23d 3Pe 1.6427
3s3p23d 5Fe 1.6618





Table 1. Comparison of calculated LS energies (in Ryd) relative to the
ground state with other calculations and experiment.
CFG State Present Tayala NP15 Expc
3s3p3d 3F 1.7956 7"Z 37"
3s23p4d 'D0 1.8647 1.8719 1.889 1.8694
3s23p4d 3F° 1.8672 1.8767 1.885 1.8696
3s3p23d 5Pe 1.8687
3s23p4d 3D° 1.8832 1.8936 1.906 1.8841
3s23p4d 3P° 1.8833 1.9021 1.913 1.8954
3s23p5s 3P° 1.9063 1.9168
3s23p5s 'P0 1.9204 1.9258
3s23p4d 'F0 1.9285 1.9212 1.945 1.9241
3s23p4d 'P0 1.9407 1.9411 1.957 1.9459
Note: a S.S.Tayal (1995); bNahar and Pradhan (1993); 'Johansson et al (1992).
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Table 2. Comparison of length fi and velocity fv oscillator strengths for allowed
transitions arising from the ground configuration terms in LS-coupling with other
calculations.
Transition Present TayaT NPb
Initial State Final State fi Yv fi fV fi f7~
"^p2 3Pi 3s3p3 3D° 0.025 0.022 0.023 0.020 0.024 0.021
3s23p2 3Pe 3s23p3d 3D° 1.653 1.619 1.658 1.615 1.67 1.63
3s23p2 3Pe 3s23p4d 3D° 0.062 0.062 0.063 0.064
3s23p2 3Pe 3s3p3 3P° 0.046 0.045 0.044 0.044 0.043 0.038
3s23p2 3Pe 3s23p3d 3P° 0.772 0.762 0.785 0.763 0.78 0.76
3s23p2 3Pe 3s23p4s 3P° 0.075 0.072 0.061 0.065 0.087 0.083
3s23p2 3Pe 3s23p4d 3P° 0.023 0.024 0.016 0.017
3s23p2 3Pe 3s3p3 3S° 0.353 0.349 0.356 0.345 0.36 0.34
3s23p2 3Pe 3s23p5s 3P° 0.026 0.026
3s23p2 'D" 3s3p3 l?° 0.359 0.351 0.357 0.371 0.38 0.33
3s23p2 !De 3s23p4s 'P0 0.116 0.120 0.109 0.101 0.094 0.094
3s23p2 ]De 3s23p3d 'P0 0.014 0.018 0.020 0.023 0.024 0.024
3s23p2 'De 3s23p4d 'P° 0.003 0.003 0.0001 0.0004
33
Continued...
Table 2. Comparison of length fi and velocity fv oscillator strengths for allowed
transitions arising from the ground configuration terms in LS-coupling with other
calculations.
Transition Present Tayala NPb
Initial State Final State fj ¥v fj f^ fi f7~
rDi 3?3p3d ID5 0.026 0.022 0.025 0.023 L02 0.982
3s23p2 !De 3s3p3 1D° 0.996 0.989 1.000 0.988 0.021 0.019
3s23p2 'De 3s23p4d 'D0 0.022 0.023 0.018 0.026
3s23p2 :De 3s23p3d 'F0 1.350 1.292 1.33 1.31 1.36 1.35
3s23p2 JDe 3s23p4d V 0.103 0.105 0.09 0.103
3s23p2 'De 3s23p5s 'P0 0.028 0.033
Ss^p2 lS" 3s3p3 'P° 0.002 0.002 0.001 0.0001 0.002 0.005
3s23p2 !Se 3s23p4s 1P° 0.072 0.079 0.061 0.065 0.066 0.062
3s23p2 1Se 3s23p3d 'P0 2.695 2.580 2.7 2.64 2.71 2.64
3s23p2 'S6 3s23p4d lT?° 0.156 0.167 0.148 0.192
3s23p2 1Se 3s23p5s !P° 0.071 0.094
Note:a S.S. Tayal (1995);b Nahar and Pradhan (1993)° _^=__
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Table 3. Comparison of length fi and velocity fv oscillator strengths for allowed
transitions arising from the excited states in LS-coupling with other calculations.
Transition







3s3p3 3D° 3s23p4p 3Pe 0.019 0.019 0.018 0.019 0.021
3s3p3 3D° 3s23p4p 3De 0.007 0.007 0.007 0.006 0.008
3s3p3 3S° 3s23p4p 3Pe 0.0001 0.0004 0.00001 0.0003 0.00003
3s3p3 3P° 3s23p4p 3Pe 0.009 0.009 0.006 0.007 0.007
3s3p3 3P° 3s23p4p 3De 0.006 0.008 0.007 0.006 0.004
3s3p3 3P° 3s23p4p 3Se 0.025 0.027 0.025 0.024 0.025
3s3p3 1D° 3s23p4p 'D6 0.014 0.024 0.015 0.012 0.015
3s3p3 'D0 3s23p4p :Pe 0.024 0.025 0.026 0.028 0.022
3s3p3 'P0 3s23p4p 'De 0.036 0.046 0.056 0.048 0.041
3s3p3 XP° 3s23p4p 'Se 0.056 0.056 0.065 0.066 0.056
3s3p3 'P° 3s23p4p 1Pe 0.00001 0.000001 0.0009 0.0004 0.0001
3s23p3d 3P° 3s23p4p 3Pe 0.315 0.314 0.325 0.284 0.083
3s23p3d 3P° 3s23p4p 3Se 0.005 0.004 0.005 0.002 0.16
3s23p3d 3P° 3s23p4p 3De 0.237 0.198 0.244 0.199 0.281
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Table 3. Comparison of length fi and velocity fv oscillator strengths for allowed
transitions arising from the excited states in LS-coupling with other calculations.
Transition Present Tayalc
Initial State Final State fj f; fl fV fji
3s23p3d ^D3 3s23p4p ^P5 0070 O078 0.073 0.072 0.071
3s23p3d 3D° 3s23p4p 3De 0.022 0.019 0.024 0.019 0.038
3s23p3d 3F° 3s23p4p 3De 0.145 0.151 0.14 0.127 0.137
3s23p3d 'F0 3s23p4p *D' 0.108 0.111 0.117 0.091 0.106
3s23p3d 'D° 3s23p4p !De 0.025 0.024 0.024 0.023 0.027
3s23p3d 1D° 3s23p4p JPe 0.070 0.072 0.064 0.059 0.068
3s23p3d 'P0 3s23p4p 'D6 0.011 0.025 0.013 0.031 0.01
3s23p3d 'P0 3s23p4p 'S6 0.070 0.066 0.069 0.062 0.066
3s23p4s 3P° 3s23p4p 3Pe 0.074 0.060 0.089 0.076 0.313
3s23p4s 3P° 3s23p4p 3De 0.287 0.309 0.317 0.316 0.236
3s23p4s 3P° 3s23p4p 3Se 0.160 0.158 0.166 0.149 0.005
3s23p4s 'P° 3s23p4p 'S" 0.093 0.085 0.084 0.08 0.088
3s23p4s 'P° 3s23p4p :De 0.581 0.516 0.583 0.498 0.58
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Table 3. Comparison of length fi and velocity fv oscillator strengths for allowed
transitions arising from the excited states in LS-coupling with other calculations.
Transition







3s23p4sT5 3s23p4pT5 0287 0^2770318 0262 0.283
3s23p4p 3Pe 3s23p4d 3P° 0.297 0.346 0.286 0.247 0.296
3s23p4p 3Pe 3s23p4d 3D° 0.697 0.803 0.833 0.749 0.788
3s23p4p 3De 3s23p4d 3D° 0.146 0.166 0.176 0.161 0.166
3s23p4p 3De 3s23p4d 3P° 0.004 0.0003
3s23p4p 3De 3s23p4d 3F° 0.890 0.937 1.05 0.885 0.947
3s23p4p 3Se 3s23p4d 3P° 0.874 0.990 1.18 1.05 1.08
3s23p4p !Se 3s23p4d 'P0 0.658 1.106 0.862 1.181 0.807
3s23p4p !De 3s23p4d lD° 0.119 0.197 0.134 0.149 0.162
3s23p4p 1De 3s23p4d 'F0 0.731 0.973 0.834 0.881 0.9
3s23p4p ]Pe 3s23p3d ]P° 0.001 0.018
3s23p4p !Pe 3s23p4d 1P° 0.298 0.306 0.284 0.228 0.315
3s23p4p ^ 3s23p4d 'D0 0.807 0.795 0.946 0.751 0.827
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Table 3. Comparison of length fi and velocity fv oscillator strengths for allowed
transitions arising from the excited states in LS-coupling with other calculations.
Transition







3sz3p4p 3Pe 3s23p5s 3P° 0.123 0.185
3s23p4p !De 3s23p5s 'P° 0.170 0.321
3s23p4p lS' 3s23p5s 'P0 0.211 0.602
3s23p4p !Pe 3s23p5s 1P° 0.132 0.142
3s23p4p 3De 3s23p5s 3P° 0.191 0.237
3s23p4p 3Se 3s23p5s 3P° 0.295 0.423
Note: a S.S. Tayal (1995); b Nahar and Pradhan (1993)
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Table 4. Excitation energies (in Ryd) of S III Relative to the Ground Level and Lifetimes (in ns).
Index CFG LSJ Excitation Energy (Ryd) Lifetime (ns)
Present CFFa Tayalb Expc Present CFF
T 3s23p2 ^ 0.0000 0.0000 0.0000 0.0000 17771
2. 3Pf 0.0024 0.0024 0.0023 0.0027 3.23E+12 2.93E+12
3. 3P2° 0.0067 0.0067 0.0066 0.0076 7.03E+11 6.99E+11
4. 3s23p2 XD% 0.1090 0.1047 0.1253 0.1032 4.97E+10 1.41E+10
5. 3s23p2 xSl 0.2559 0.2504 0.2669 0.2475 1.47E+09 3.47E+08
6. 3s3p3 5S% 0.5559 0.5231 0.5043 0.5347 4.73E+04 5.96E+04
7. 3s3p3 3D? 0.7615 0.7593 0.7564 0.7656 1.50E+01 1.46E+01
8. 3DJ 0.7617 0.7595 0.7566 0.7659 1.51E+01 1.48E+01
9. 3D3° 0.7621 0.7599 0.7569 0.7664 1.54E+01 1.50E+01
10. 3s3p3 3P2° 0.8920 0.8962 0.8985 0.8998 3.67E+00 3.55E+00
11. 3P° 0.8922 0.8965 0.8988 0.9000 3.57E+00 3.47E+00
12. 3P0° 0.8923 0.8966 0.8990 0.9001 3.52E+00 3.43E+00
13. 3s23p3d XD% 0.9494 0.9473 0.9555 0.9492 7.19E+00 7.35E+00
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Table 4. Excitation energies (in Ryd) of S HI Relative to the Ground Level and Lifetimes (in ns).
Index CFG LSJ Excitation Energy (Ryd) Lifetime (ns)
Present CFFa Tayal" Expc Present CFF
I!. 3s23p3d *Fg U222 1.1138 1.1228 1.1128 1.17E+03 1.29E+03
15. 3F3° 1.1245 1.1161 1.1252 1.1154 8.49E+02 9.86E+02
16. 3F4° 1.1277 1.1193 1.1284 1.1190
17. 3s3p3 'Pf 1.2631 1.2575 1.2896 1.2470 1.47E-01 1.64E-01
18. 3s3p3 3S? 1.2768 1.2750 1.2829 1.2582 7.43E-02 7.42E-02
19. 3s23p4s 3P0° 1.3001 1.3420 1.3063 1.3368 1.06E-01 7.28E-01
20. 3Pi° 1.3011 1.3421 1.3075 1.3372 1.03E-01 6.55E-01
21. 3P2° 1.3028 1.3446 1.3097 1.3409 9.59E-02 9.62E-01
22. 3s23p3d 3Pi° 1.33951 1.3044 1.3574 1.3042 5.18E-01 9.55E-02
23. 3P0° 1.33954 1.3037 1.3577 1.3040 4.68E-01 9.80E-02
24. 3P2° 1.3413 1.3055 1.3587 1.3043 8.74E-01 9.09E-02
25. 3s23p4s XP? 1.3521 1.3519 1.3708 1.3523 3.95E-01 3.64E-01
26. 3s23p3d 3D? 1.3640 1.3522 1.3710 1.3446 6.76E-02 7.06E-02
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Table 4. Excitation energies (in Ryd) of S HI Relative to the Ground Level and Lifetimes (in ns).
Index CFG LSJ Excitation Energy (Ryd) Lifetime (ns)
Present CFFa Tayal Expc Present CFF
27. *D§ 1.3650 1.3532 1.3719 1.3459 6.79E-02 7.19E-02
28. 3Df 1.3659 1.3539 1.3726 1.3464 6.79E-02 6.96E-02
29. 3s3p3 lDg 1.4088 1.3990 1.4294 1.3849 7.37E-02 7.42E-02
30. 3s23p3d !F3° 1.4624 1.4438 1.4897 1.4363 7.05E-02 7.18E-02
31. 3s23p4p lPf 1.5261 1.5256 1.5389 1.5269 2.57E+00 2.50E+00
32. 3s23p3d lP? 1.5357 1.5218 1.5544 1.4958 8.15E-02 8.16E-02
33. 3s23p4p 3Df 1.5512 1.5458 1.5755 1.5471 2.00E+00 2.06E+00
34. 3Df 1.5538 1.5482 1.5781 1.5498 1.99E+00 2.04E+00
35. 3Df 1.5585 1.5529 1.5839 1.5551 1.98E+00 2.03E+00
36. 3s23p4p 3Poe 1.5740 1.5705 1.5768 1.5732 1.98E+00 2.06E+00
37. 3Pf 1.5753 1.5717 1.5787 1.5746 1.98E+00 2.06E+00
38. 3P| 1.5785 1.5749 1.5824 1.5783 2.02E+00 2.09E+00
39. 3s23p4p *S? 1.5865 1.5832 1.5861 1.5860 1.83E+00 1.96E+00
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Table 4. Excitation energies (in Ryd) of S III Relative to the Ground Level and Lifetimes (in ns).
Index CFG LSJ Excitation Energy (Ryd) Lifetime (ns)
Present CFFa Tayal0 Expc Present CFF
40 3s23p4p rDf 1.6191 1.6100 1.6532 1.6128 2.84E+00 2.94E+00
41. 3s3p23d 3Pf 1.6600 1.6584 1.97E+00 2.10E+00
42. 3Pf 1.6633 1.6618 1.99E+00 2.12E+00
43. 3P£ 1.6649 1.6633 2.00E+00 2.17E+00
44. 3s3p23d sFf 1.6753 1.26E+04
45. 5F? 1.6761 1.49E+04
46. 5F£ 1.6774 2.06E+04
47. 5F4e 1.6790 3.84E+04
48. 3s23p4p ^ 1.6808 1.6643 1.6772 1.6654 1.91E+00 2.15E+00
49. 3p4 lDi 1.7268 2.63E+00
50. 3s3p23d 5D$ 1.7313 1.48E+03
51. 5D? 1.7315 8.26E+02
52. 5£>f 1.7319 5.13E+02
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Table 4. Excitation energies (in Ryd) of S in Relative to the Ground Level and Lifetimes (in ns).
Index CFG LSJ Excitation Energy (Ryd) Lifetime (ns)
Present CFFa Tayal Expc Present CFF1
53. 5D| 1.7325 4.94E+02
54. 5D| 1.7334 2.82E+04
55. 3s3p23d 3F2° 1.8101 2.37E+01
56. 3F3° 1.8117 2.52E+01
57. 3F4° 1.8139 2.72E+01
58. 3s23p4d 3F2° 1.8679 1.8670 1.8643 1.30E+00
59. 3F3° 1.8720 1.8698 1.8688 1.85E+00
60. lD% 1.8724 1.8878 1.8694 1.14E+00
61. 3F4° 1.8758 1.8736 1.8732 1.94E+00
62. 3s3p23d 5P3° 1.8840 7.51E-02
63. 5P2° 1.8856 7.46E-02
64. 3s23p4d 3P2° 1.8863 1.8990 1.8945 7.89E-01
65. 3s3p23d 5Pf 1.8866 7.43E-02
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Table 4. Excitation energies (in Ryd) of S HI Relative to the Ground Level and Lifetimes (in ns).
Index CFG LSJ Excitation Energy (Ryd) Lifetime (ns)
Present CFFa TayalD Expc Present CFF
66!3s23p4d3D£ 1.8868 1.8914 1.8821 6.86E-01
67. 3Df 1.8906 1.8946 1.8855 6.49E-01
68. 3D2 1.8916 1.8929 1.8833 7.32E-01
69. 3s23p4d 3P0° 1.8917 1.9009 1.8974 8.19E-01
70. 3Pi° 1.8918 1.9002 1.8964 7.81E-01
71. 3s23p5s 3P0° 1.9058 1.9116 8.59E-01
72. 3P° 1.9075 1.9130 8.04E-01
73. 3P2° 1.9132 1.9200 7.75E-01
74. 3s23p5s ^f 1.9256 1.9258 4.70E-01
75. 3s23p4d lF§ 1.9350 1.9536 1.9241 4.13E-01
76. 3s23p4d 'Pf 1.9472 1.9680 1.9459 5.15E-01
Note: a Charlotte Froese Fischer (2006);b S.S.Tayal (1997); ° Johansson et al. (1992)
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Table 5. Comparison ofLength Oscillator Strengths and Transition Probabilities (s"1) for some Dipole
Radiative El Transitions with those Calculated by Tayal (1997) and Froese Fischer (2006).
Transition Present Tayala CFFb
Initial level Final level fi Ai fi Aj fi Ai
3s23p2 3Pf 3s23p3d *P? 1.59E-02 2.16E+08 1.57E-01 2.10E+09 1.74E-01 2.37E+09
3s23p2 3Pf 3s23p4s 3Pi° 1.54E-01 2.20E+09 2.49E-04 3.59E+06 1.55E-03 2.24E+07
3s23p2 3Pie 3s23p4s lP? 1.92E-04 2.81E+06 7.81E-04 1.14E+07 9.48E-04 1.39E+07
3s23p2 3Pae 3s23p3d 3Df 4.34E-01 6.27E+09 4.47E-01 6.52E+09 4.47E-01 6.54E+09
3s23p2 3PXC 3s23p3d 'Pf 1.69E-05 3.02E+05 1.89E-05 3.42E+05 9.15E-05 1.70E+06
3s23p2 3P.f 3s3p3 3P0° 1.50E-02 2.91E+08 1.08E-02 2.10E+08 1.52E-02 2.92E+08
3s23p2 3Pie 3s23p3d 3P£ 4.83E-02 1.97E+09 2.52E-01 1.01E+10 2.50E-01 1.02E+10
3s23p2 3Pf 3s23p4s 3P0° 2.39E-01 1.02E+10 2.81E-02 1.21E+09 3.18E-02 1.37E+09
3s23p2 3Pf 3s23p4d 3F2° 1.64E-06 2.74E+04 1.81E-04 3.02E+06
3s23p2 3Pie 3s23p4d XD% 1.82E-03 3.06E+07 1.98E-03 3.33E+07
3s23p2 3Pf 3s23p4d 3Z)f 4.91E-03 1.39E+08 1.41E-02 4.00E+08
3s23p2 3Pf 3s23p4d 3D23 1.03E-02 1.78E+08 5.73E-02 9.77E+08
3s23p2 3Pie 3s23p4d 3P2° 4.46E-02 7.59E+08 6.99E-04 1.21E+07
47
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Table 5. Comparison ofLength Oscillator Strengths and Transition Probabilities (s ) for some Dipole
Radiative El Transitions with those Calculated by Tayal (1997) and Froese Fischer (2006).
Transition Present Tayala CFF









1.78E-02 5.14E+08 8.06E-03 2.32E+08
fi Ai
3s23p2 3Pf 3s23p4d 3P0° 9.03E-03 7.80E+08 6.19E-03 5.36E+08








3P°3s23p5s P0 7.43E-03 6.53E+08
5.37E-03 1.57E+08
3s23p5s 3P2° 1.16E-02 2.05E+08
3s23p2 3P£ 3s23p4s
2.64E-04 7.84E+06
1.77E-04 1.36E+06 9.58E-05 7.38E+05 1.81E-04 1.38E+06
1.05E-02 1.12E+08 7.65E-03 8.19E+07 1.13E-02 1.19E+08
2.58E-02 5.30E+08 1.79E-02 3.67E+08 7.94E-04 1.66E+07
3.04E-01 6.37E+09 3.22E-01 6.76E+09 3.20E-01 6.89E+09
2.84E-02 6.39E+08 1.98E-01 4.39E+09 1.88E-01 4.25E+09
2.01E-01 4.76E+09 1.49E-02 3.56E+08 1.22E-02 2.91E+08
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Table 5. Comparison ofLength Oscillator Strengths and Transition Probabilities (s"1) for some Dipole
Radiative El Transitions with those Calculated by Tayal (1997) and Froese Fischer (2006).
Transition Present Tayal1 CFFb
Initial level Final level fi fi A,
3s23p2 3s23p4s lP? 6.11E-04 1.48E+07 4.33E-04 1.05E+07 2.43E-04 5.90E+06
3s23p2 3Pf 3s23p3d 3Df 2.21E-02 5.28E+08 2.86E-02 6.91E+08 2.65E-02 6.41E+08





6.17E-06 1.38E+04 5.47E-06 1.22E+04 5.75E-06 1.23E+04
2.95E-03 1.37E+07 1.47E-03 6.82E+06 3.05E-03 1.39E+07
3s23p2 3Pf 3s3p3 3P2° 3.32E-02 2.12E+08 2.71E-02 1.74E+08 3.37E-02 2.14E+08
3s23p2 3P% 3s23p3d ^ 1.18E-05 8.43E+04 4.52E-05 3.08E+05 1.83E-05 1.30E+05
3s23p2 3P2e 3s23p3d 3F2° 1.30E-05 1.27E+05 1.47E-05 1.45E+05 1.19E-05 1.17E+05
3s23p2 3Pf 3s23p3d 3P2° 3.63E-02 4.91E+08 5.13E-01 6.86E+09 5.70E-01 7.72E+09
3s23p2 3P| 3s23p4s 3P2° 5.68E-01 8.11E+09 3.76E-02 5.40E+08 2.78E-03 3.99E+07
3s23p2 3Pf 3s23p3d 2.89E-01 4.16E+09 3.23E-01 4.67E+09 3.10E-01 4.51E+09
3s23p2 3Pf 3s3p3 lD$ 2.86E-04 4.35E+06 1.93E-04 2.99E+06 2.69E-04 4.19E+06
23p23s 3s3p3 1.99E-02 6.58E+07 1.10E-02 3.64E+07 2.05E-02 6.66E+07
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Table 5. Comparison ofLength Oscillator Strengths and Transition Probabilities (s~) for some Dipole
Radiative El Transitions with those Calculated by Tayal (1997) and Froese Fischer (2006).
Transition Present Tayala CFF
Initial level Final level fi Ai fi Ai fi Ai
3s23p2 3P| 3s23p3d 3F3° 1.04E-04 7.29E+05 1.11E-04 7.82E+05 9.40E-05 6.64E+05
3s23p2 3P£ 3s23p3d 3D£ 1.37E+00 1.41E+10 1.38E+00 1.43E+10 1.38E+00 1.44E+10
3s23p2 3P| 3s23p3d XF$ 1.59E-04 1.87E+06 1.96E-04 2.31E+06 1.63E-04 1.94E+06
3s23p2 3P| 3s23p4d 3F2° 2.15E-04 5.96E+06 1.44E-04 3.98E+06
3s23p2 3P| 3s23p4d 3F3° 9.47E-04 1.88E+07 1.18E-03 2.34E+07
3s23p2 3P| 3s23p4d lD% 4.39E-05 1.22E+06 2.11E-06 5.89E+04
3s23p2 3Pf 3s23p4d 3D? 2.91E-04 1.37E+07 2.06E-04 9.70E+06
3s23p2 3P| 3s23p4d 3D£ 2.56E-02 7.31E+08 4.95E-03 1.40E+08
3s23p2 3P£ 3s23p4d 3D3° 5.26E-02 1.06E+09 5.67E-02 1.15E+09
3s23p2 3P£ 3s23p4d 3P2° 9.87E-04 2.79E+07 1.87E-02 5.35E+08
3s23p2 3Pf 3s23p4d 3Pf 6.71E-03 3.21E+08 5.02E-03 2.40E+08
3s23p2 3Pf 3s23p4d lFg 1.03E-07 2.16E+03 5.29E-07 1.12E+04
3s23p2 3P£ 3s23p4d }P? 5.57E-07 2.80E+04 5.13E-07 2.59E+04
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Table 5. Comparison ofLength Oscillator Strengths and Transition Probabilities (s" ) for some Dipole
Radiative El Transitions with those Calculated by Tayal (1997) and Froese Fischer (2006).
Transition Present Tayala
Initial level Final level fi Ai f. A, A,
3s23p2 'Pi 3s23p5s 5.89E-03 2.86E+08
3s23p2 3P2e 3s23p5s 3P2° 1.96E-02 5.77E+08
3s23p2 3Pf 3s23p5s 'Pi0 1.53E-04 7.51E+06
3s23p2 *D£ 3s3p3 7.96E-06 4.68E+04 9.95E-06 5.86E+04 7.96E-06 4.57E+04
3s23p2 XD\ 3s3p3 9.18E-06 7.80E+04 9.26E-06 7.92E+04 1.11E-05 9.27E+04
3s23p2 ]Df 3s3p3 lP? 3.33E-01 5.83E+09 2.80E-01 4.88E+09 3.41E-01 6.07E+09
3s23p2 lD% 3s3p3 2.30E-02 4.11E+08 1.32E-02 2.36E+08 1.44E-02 2.64E+08
3s23p2 lD% 3s23p3d 3Pi° 5.26E-03 1.02E+08 1.71E-04 3.24E+06 9.87E-05 1.90E+06
3s23p2 !D| 3s23p4s 3Pi° 2.17E-04 4.41E+06 1.15E-02 2.36E+08 1.06E-02 2.17E+08
3s23p2 lDi 3s23p4s lP? 1.11E-01 2.32E+09 1.42E-01 2.96E+09 1.19E-01 2.48E+09
3s23p2 JD| 3s23p3d 3Df 4.76E-05 9.82E+05 1.20E-04 2.50E+06 7.05E-05 1.47E+06
3s23p2 yD% 3s23p3d lP£ 1.58E-02 4.10E+08 4.14E-02 1.08E+09 1.75E-02 4.70E+08
3s23p2 !D| 3s3p3 1.10E-06 3.88E+03 9.95E-06 2.87E+03 1.66E-06 5.71E+03
51
Continued...
Table 5. Comparison ofLength Oscillator Strengths and Transition Probabilities (s") for some Dipole
Radiative El Transitions with those Calculated by Tayal (1997) and Froese Fischer (2006).
Transition Present Tayal' CFF
Initial level Final level fi A, Ai A,
3s23p2 lD$ 3s3p3 3P2° 1.57E-05 8.00E+04 5.58E-04 2.86E+06 1.96E-05 9.85E+04
3s23p2 'Df 3s23p3d lD$ 2.46E-02 1.41E+08 7.59E-02 4.16E+08 2.38E-02 1.36E+08
3s23p2 lD% 3s23p3d 3F2° 4.27E-05 3.49E+05 6.32E-05 5.19E+05 3.97E-05 3.25E+05
3s23p2 ]D| 3s23p3d 3P2° 3.05E-04 3.53E+06 4.22E-05 4.84E+05 1.17E-05 1.36E+05
3s23p2 *Df 3s23p4s 3P2° 3.82E-05 4.70E+05 1.30E-03 1.62E+07 5.62E-04 6.93E+06
3s23p2 !Df 3s23p3d 3Z)£ 5.28E-04 6.55E+06 2.64E-07 3.30E+03 3.95E-04 4.94E+06
3s23p2 XD\ 3s3p3 9.86E-01 1.30E+10 9.49E-01 1.27E+10 1.00E+00 1.35E+10
3s23p2 lDi 3s3p3 1.95E-05 4.92E+04 1.59E-05 4.03E+04 2.13E-05 5.24E+04
3s23p2 XT>1 3s23p3d 3F3° 7.23E-05 4.25E+05 7.44E-05 4.38E+05 5.96E-05 3.50E+05
3s23p2 *Df 3s23p3d 3D£ 1.72E-04 1.52E+06 2.21E-04 1.98E+06 1.79E-01 1.61E+06
3s23p2 lDi 3s23p3d ^3° 1.33E+00 1.36E+10 1.33E+00 1.36E+10 1.35E+00 1.39E+10
3s23p2 lD% 3s23p4d 3F2° 9.59E-03 2.39E+08 2.31E-03 5.75E+07
3s23p2 JDf 3s23p4d 3F3° 2.46E-04 4.40E+06 3.18E-04 5.70E+06
52
Continued...
Table 5. Comparison ofLength Oscillator Strengths and Transition Probabilities (s" ) for some Dipole
Radiative El Transitions with those Calculated by Tayal (1997) and Froese Fischer (2006).
Transition Present Tayala CFFb
Initial level Final level fi Ai fi Aj fi Ai
3s23p2 'Df 3s23p4d lD% 1.32E-02 3.30E+08 1.10E-02 2.75E+08
3s23p2 XT>\ 3s23p4d 3Df 4.47E-07 1.90E+04 2.47E-07 1.05E+04
3s23p2 lDi 3s23p4d 3D£ 8.78E-05 2.26E+06 1.98E-04 5.04E+06
3s23p2 lDi 3s23p4d 3Df 3.11E-05 5.67E+05 5.89E-05 1.08E+06
3s23p2 'D| 3s23p4d 3P2° 7.62E-04 1.94E+07 1.77E-04 4.57E+06
3s23p2 lD% 3s23p4d 3Pf 3.37E-07 1.45E+04 5.18E-06 2.23E+05
3s23p2 JD| 3s23p4d 'F3° 1.04E-01 1.98E+09 9.59E-02 1.83E+09
3s23p2 !Df 3s23p4d lPf 2.59E-03 1.18E+08 1.40E-04 6.39E+06
3s23p2 xDl 3s23p5s 3P? 1.00E-03 4.40E+07
3s23p2 'D| 3s23p5s 3P2° 1.75E-05 4.65E+05
3s23p2 \Df 3s23p5s 'Pf 2.70E-02 1.20E+09
3s23p2 lS$ 3s3p3 3Df 1.03E-06 7.39E+02 9.38E-07 6.75E+02 1.33E-06 9.20E+02
3s23p2 ]Sg 3s3p3 3P!° 2.07E-05 2.36E+04 2.21E-05 2.54E+04 2.22E-05 2.48E+04
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Table 5. Comparison ofLength Oscillator Strengths and Transition Probabilities (s ) for some Dipole
Radiative El Transitions with those Calculated by Tayal (1997) and Froese Fischer (2006).
Transition Present TayaP CFFb
Initial level Final level fi Ai fi Ai fi Aj
3s23p2 XS$ 3s3p3 lP? 8.07E-04 2.16E+06 2.12E-02 5.65E+07 6.45E-04 1.75E+06
3s23p2 lS$ 3s3p3 3S% 5.86E-05 1.60E+05 7.86E-04 2.15E+06 5.25E-05 1.48E+05
3s23p2 !SJ 3s23p3d 3Pf 2.77E-03 8.28E+06 6.19E-05 1.81E+05 6.01E-07 1.79E+03
3s23p2 ^ 3s23p4s %P? 8.77E-06 2.79E+04 1.88E-03 6.02E+06 4.38E-03 1.40E+07
3s23p2 lS$ 3s23p4s lP? 6.93E-02 2.27E+08 2.32E-02 7.57E+07 5.27E-02 1.71E+08
3s23p2 *Sg 3s23p3d 3D? 1.10E-05 3.55E+04 1.34E-06 4.37E+03 5.80E-05 1.88E+05
3s23p2 lSg 3s23p3d lP? 2.63E+00 1.10E+10 2.71E+00 1.14E+10 2.72E+00 1.18E+10
3s23p2 l5g 3s23p4d 3Df 5.49E-04 3.93E+06 2.67E-04 1.91E+06
3s23p2 '5g 3s23p4d 3Pf 1.41E-05 1.03E+05 7.49E-05 5.45E+05
3s23p2 lSS 3s23p4d lP? 1.67E-01 1.29E+09 1.32E-01 1.03E+09
3s23p2 !5g 3p.5s 3P? 1.63E-03 1.21E+07
3s23p2 ^ 3p.5s lP? 6.46E-02 4.87E+08
Note: a S.S.Tayal 1997;a Charlotte Froese Fischer 2006 "
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Table 6. Comparison ofLength Oscillator Strengths and Transition Probabilities (s") for
Forbidden E2 and Ml Transitions with those Calculated by ofFroese Fischer (2006).
Transition Present CFFb
Initial level Final level Type Ai fi Ai fi
3s23p2 3P0" ^p2 % Ml 3.09E-04 2.09E-08 3.42E-04 2.16E-08
3s23p2 3P0 3s23p2 3P2 E2 2.63E-08 3.70E-13 2.28E-08 3.11E-13
3s23p2 3P0 3s23p2 JD2 E2 7.32E-03 3.83E-10 5.64E-06 3.20E-13
3s23p2 3P, 3s23p2 3P2 E2 6.63E-09 7.44E-14 5.47E-09 6.10E-14
3s23p2 3P, 3s23p2 3P2 Ml 1.42E-03 1.60E-08 1.43E-03 1.59E-08
3s23p2 3Pi 3s23p2 XD2 E2 1.65E-02 3.01E-10 4.30E-05 8.53E-13
3s23p2 3Pj 3s23p2 ]D2 Ml 2.00E-02 3.65E-10 1.95E-02 3.87E-10
3s23p2 3P, 3s23p2 % Ml 6.81E-01 4.40E-10 6.88E-01 4.64E-10
3s23p2 3P2 3s23p2 XD2 E2 1.43E-02 1.70E-10 2.35E-04 3.05E-12
3s23p2 3P2 3s23p2 2D2 Ml 1.37E-04 1.63E-12 5.13E-02 6.67E-10
3s23p2 3P2 3s23p2 % E2 2.21E-01 8.85E-11 9.53E-03 4.00E-12
3s23p2 'D2 3s23p2 'So E2 9.63E-01 1.11E-09 2.19E+00 2.57E-09
CFFb: Charlotte Froese Fischer 2006 ~~ ~~~ ~" "" ~~~
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